The main objective of this study is to analyse the influence factors of snowfall enhancement by glaciogenic seeding in a mountainous area. Twenty-five seeding experiments have been conducted during the period of February to April 2010. To use two rates seeding experiments (SR1: 1.04 g min The experiment results indicated that in the case of SR1 was more effective than SR2. The number of small ice particles below 1.0 mm was increased during seeding period measured by PARSIVEL disdrometer near generator. Most of snowfall enhancement by seeding was observed the inflow of the easterly wind blew in toward Gangwon regions from the East Sea and the supersaturated supercooled liquid water due to orographic effect.
Introduction
The cloud seeding is used to enhance the precipitation and accelerate the precipitation efficiency by injecting artificial ice nuclei (IN) or cloud condensation nuclei (CCN) in the targeted clouds. The silver iodide (AgI) and dry ice are the most commonly used materials for the glaciogenic cloud seeding, converting supercooled liquid water into ice crystals [1] . Since the initial experiments by Schaefer [2] in which dry ice was dropped into a stratocumulus cloud, laboratory and field tests have been conducted. It is widely believed that orographic cloud systems lead to successful enhancement of precipitation when air is forced upwards over mountain ranges [3] [4] [5] . There has been a lot of research related to observation and seeding experiments for orographically produced clouds [6, 7] .
The purpose of this study is to analysis of influence factor for snowfall augmentation by winter orographic cloud in a mountainous area.
Data and Method
We have conducted using a twenty-five ground-based orographic cloud seeding experiments at Daegwallyeong from February to April 2010 for investigation of influence factors of snowfall augmentation. Seeding conditions as follows: surface temperature <0 o C, wind direction between 0 and 130 o , wind speed <5 m/s for at least 30 minutes. In order to get an appropriate AgI ratio for snowfall enhancement, we have been tested two seeding rate (SR1: 1.04 g min -1 , SR2: 2.08 g min -1 ). Fig. 1 Fig. 2 shows the typical surface synoptic chart for orographic cloud seeding at Daegwallyeong area. A low pressure system in southeast Korea is somewhat blocked by continental Polar air mass (cP) high pressure system which expanded in the East Sea of Korea, and then moved slowly to the northeast. Under this synoptic condition, so-called Northern High Southern Low, arose easterly wind with the high humidity last for 1-2 days and produces an easterly orographical, probably supersaturated, low cloud at the Daegwallyeong region [8] .
Kim et al. [9] suggested that the winter orographic cloud seeding experiments with glaciogenic particles at some high peaks of Taebaek Mountain Ranges be a reasonable option with target areas to the west of the mountain peaks if the conditions are met. In the winter and spring an easterly wind over Daegwallyeong mountain area near the east coast produces cold clouds which would be applied to the AgI seeding experiments. Table 1 shows summary and results of snow enhancement experiment. Most of the experiments have similar initial conditions: the cold cloud flowing into the Daegwallyeong with an easterly weak horizontal wind speed. Meteorological variables during the experiments maintain an easterly cold fog below 0 o C in a relative humidity above 96% at Daegwallyeong(not shown). We had analyzed variation of snowfall for demonstration of seeding effect between the 30 minutes period before the start of burning and the processing period. The processing period was defined as one hour after the start of burning, possibly reflecting that the AgI particles released into the air would have an effect on the snow enhancement for >1 hour at the experimental site under the conditions of wind speed <1.5 m s -1 . The case of the snowfall enhancement is as in the following: 1) Increment of snowfall appeared in the smaller seeding amount (SR1). Rottner et al. [6] have obtained the results that a lower seeding rate gives a much stronger positive effect than a higher seeding rate in the several airborne and ground-based AgI seeding experiments over the Rocky Mountains.
Results and Discussion
2) Even though easterly wind has observed at the Daegwallyeong region, snow enhancement only appears when the inflow of the easterly wind blew in toward Gangwon region from the East Sea. Fig. 3 shows the surface wind vector in Gangwon province during experiments. In enhancement experiments, surface wind vector had been shown the inflow of the easterly wind at Gangwon region from the East Sea as Exp. 10 and Exp. 11. In non-enhancement exper- iments, on the other hand, surface wind vector on Gangwon province had been shown the inflow of the other direction wind (westerly or northerly wind) at Gangwon region from the East Sea as Exp. 12. It seems that the wind direction shifted from northerly to easterly by the Taeback Mountains. Even though easterly wind has observed at the Daegwallyeong region, snow enhancement only appears when the inflow of the easterly wind blew in toward Gangwon region from the East Sea. Fig. 4 show the simulated surface wind field and column-integrated cloud liquid water output by the WRF model around the experimental site. The analysis of wind field indicate that, in enhanced snowfall cases, surface wind vectors tend to inflow of the easterly winds from the East (Fig. 4a) . In ineffective seeding cases, on the other hand, surface wind vectors indicate the inflow from the other directions (westerly or northerly wind) (Fig. 4b) . Although easterly wind was observed at the Daegwallyeong site, snow enhancement only appears when there is an inflow of the easterly wind from the East Sea to Gangneung area. Most of experiments appeared integrated liquid water greater than 0.1 mm near the windward slope and crest of the mountains except exp. 7 and exp. 8. But, vertical cross-sections of cloud water mixing ratio showed that, appropriate supercooled liquid water cloud heights led to successful seeding effect. Adequate supercooled liquid water in seeding area does not exist in experiments 1, 2, 3, 4, 5, 7, 8 and 22 that did not produce seeded snowfall. This suggests that the parcels absorbed an abundant amount of heat and moisture from the sea surface, and were modified from below while moving over the sea, leading to the occurrence of condensation in lower clouds. Results indicate that suitable conditions, such as wind field and supercooled liquid water, are needed for snowfall increment by seeding.
The observation and simulation showed that the main reasons for the difference in snowfall augmentation by winter orographic cloud as follows: The case of snowfall augmentation by seeding shows inflow of the easterly wind blew in toward Gangwon region from the East Sea with adequate supercooled liquid water.
Conclusion
The influence factors for snowfall enhancement by seeding in the mountainous area were investigated using ground-based experiments in 2010.
The observation and simulation results showed that SR1 is more effective than SR2 in the Daegwallyeong area. The case of snowfall enhancement by seeding shows inflow of the easterly wind blew in toward Gangwon region from the East Sea with adequate supercooled liquid water. Therefore, suitable conditions, such as wind field and supercooled liquid water, are needed for snowfall enhancement by seeding.
